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Abstract 
The paper presents the results of experimental study focused on physical, mechanical and rheological characteristics of high 
strength steel fiber reinforced concrete. The research program included short-term tests to determine strength properties as well as 
long-term test to obtain shrinkage and creep deformation. All tests were carried out on the different age specimens, so the time 
history of material properties was determined and analytic expressions of physical, mechanical and rheological properties 
dependence on concrete growth were developed. 
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1. Introduction 
Steel fiber reinforced concrete arose more interest as structural material possessing positive properties of ordinary 
concrete and at the same time minimizing its weak spots. Therefore the investigation of steel fiber reinforced concrete 
with different composition carried out by scientists all over the world is not surprising. Widescale experimental 
research of physical and mechanical properties of steel fiber reinforced concrete based on high strength powder 
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concrete were run in the laboratory of Research Institute of Building Physics of Russian Academy of Architecture and 
Building Sciences (NIISF RAABS).  
Under investigation concrete composition, represented in Table 1, was elaborated in Research Institute of Concrete 
and Reinforced Concrete (NIIZHB). High strength powder concrete was used as matrix, optimal quantity of fiber 
added was determined experimentally [1]. 
Experimental program was developed for comprehensive research of high strength powder steel fiber reinforced 
concrete. It included short-term and long term loading of specimens at different age. 
Specimens concreting and storage during first two days had been taken place at 20°С. After two days members 
were stripped and put to wet sawdust indoors with normal temperature 20±2°С, where they had been kept until testing. 
 
Table 1. Composition and properties of concrete mixture. 
1.1. Short-term tests 
Compressive tests of cube (with dimensions 7x7x7 sm and 10x10x10 sm) and prism specimens (with dimensions 
7x7x28 sm and 10x10x40 sm) were carried out at age of 3, 7, 14, 28 90 and 270 days  with the purpose of determination 
of physical and mechanical properties of steel fiber reinforced concrete.  
The mean value of obtained basic physical and mechanical characteristics for specimens of each age, and also the 
value of conditional concrete strength class are given in Table 2.  
Table 2. Physical and mechanical properties of steel fiber  reinforced concrete according short-term tests results. 
Concrete age, days 
Strength, MPa 
310E , MPa Concrete compressive 
strength class R , MPa bR , MPa tR , MPa tfR , MPa 
3 90.5 75.3   38.2 72 
7 130.1 110.1   43.4 104 
14 143.5 121.4   44.4 115 
28 150.2 128.6   46.1 120 
8 (10х10 sm) 157.4 149.7 7.0 20.8 45.7 126 
 151.3 138.8   48.2 121 
270 170.0 136.7   45.6 137 
 
where R  is the cube compressive strength (MPa); bR  is the prism compressive strength (MPa); tR  is the axial tensile 
strength (MPa); tfR  is the bending tensile strength (MPa); E  is the modulus of elasticity (MPa). 
The data obtained allow concluding, that steel fiber reinforced concrete gain strength fast during hardening, as at 
the age of 3 days its prism compressive strength is 58% from strength at 28 days. Axial tensile strength amount to 
4.7% from prism compressive strength that is a little smaller than ordinary concrete come to (5% for B60). It is very 
good index taking into account strength class of under investigation concrete B120. 
Theoretical description of strength development in time is suggested by following expressions: 
1) Modified formula of E.N. Shherbakov, 
Actual concrete mixture composition, kg/m3 
Concrete mixture 
density, kg/m3 
Slump flow, 
sm 
Water/cement 
ratio Cement 
PC 500 D0 
Modifier  
MB3-50K 
Sand Steel fiber Water 
850 350 830 180 180 2405 75 0.21 
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where )(tRb  is the prism compressive strength of concrete at age t  (MPa); )28(bR  is the prism compressive strength 
of concrete at age 28 t  (MPa); B  is the concrete compressive strength class (MPa); t  is concrete age at the moment 
of  testing, days.  
2) Formula found by using experimental data, 
t
tRtR bb 92.03.2
)28()(  . (2) 
Experimental and theoretical graphs of compressive strength development with time are shown at Fig. 1. 
1.2. Long-term tests 
1.2.1. Shrinkage research 
Creep research is in close relation to study of concrete shrinkage. Registration of shrinkage deformation had been 
started at the age of 7, 14, 28 and  90 days. Specimens were isolated from environmental impacts and were equipped 
by indicators. There were two similar specimens of each age, which mean relative deformations were obtained during 
treatment of experimental data. 
 
 
Fig. 1. Development of steel fiber reinforced concrete strength with time.  
As result graphs of  creep strain development with time were constructed. The main feature of steel fiber reinforced 
concrete shrinkage is that deformations have been growing precipitously during first few days after its registration 
and then are fluctuating within nearly the same value. The value of ultimate shrinkage strain is presented in tab. 3. 
Shrinkage is developing more considerable at early age, at the age of 14 days and later its strain is merely 5x10-5 
relative units and continues to decrease.   
Theoretical description of development of shrinkage strain with time was realized using following expression [3]: 
»¼
º«¬
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Attttt JDHH , (3) 
where ),( wbs tfH  is the ultimate shrinkage strain at age wt ; J , D , A  are coefficients, found by considering the best 
fit of theoretical and experimental graphs (Table 3).  
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Table 3. The value of ultimate shrinkage strain and coefficients for formula (3). 
 Age at the moment of strain registration starts, wt , days 
7 14 28 90 
510),( f wbs tH  17.4 5.0 4.5 3,0 
J  0.058 0.058 0.07 0,07 
D  0.027 0.027 0.018 0,018 
A  4 4 2 2 
 
As evident, coefficients values for steel fiber reinforced concrete at early age (7 and 14 days) coincide with each 
other, as values for older concrete (at age of 28 and 90 days) do.  
Also following expression [2] was used to approximate experimental data: 
ushtsh tf
t )()( HH D
D
 , (4) 
where D , f  (days) are constants, determining the dependence with time, t ; ush )(H  is the ultimate shrinkage strain. 
For ordinary concrete the code [4] recommends 1.19.0 y D ; 13020y f  days; 66 10107010415)(  y ushH . 
Inasmuch as obtained values of ultimate shrinkage strain of steel fiber reinforced concrete are far less, coefficients 
were anew determined. For every age 30 f  days; 2.2 D for 7, 14 days; 1.1 D  for 28 and 90 days. The result of 
applying above-mentioned expressions is shown on Fig. 2. 
1.2.2. Creep research 
Steel fiber reinforced concrete prism specimens with dimensions 7x7x28 sm. at age of 7, 14, 28 and 90 days were 
subjected to sustained compression load σc corresponding to 0.3 and 0.6 of prism compressive strength )(WbR , 
determined on the day of investigation. Loading was carried out by steps, adding 10% from specified load level on 
every stage. After loading specimens were under stress during 245 days. 
According to indication of devices, installed on the members, mean relative creep strain of members of every age 
and every load level were calculated. Based on applied load level, diagrams of creep degree development with time 
were obtained, and also ultimate creep degrees were calculated and presented in Table 4. 
a)  
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c) 
 
d) 
 
Fig. 2. Diagrams of shrinkage development in time, registered from the age of: a) 7 days; b) 14 days; c) 28 days; d) 90 days. 
Table 4. Value of ultimate creep strain and creep degree. 
Index 
7 days 14 days 28 days 90 days 
bR3.0  bR6.0  bR3.0  bR6.0  bR3.0  bR6.0  bR3.0  bR6.0  
510),( f WH  77 218 81 200 73 193 68 179 
510),( f WC , MPa-1 2.33 3.3 2.25 2.78 1.87 2.47 1.62 2.13 
 
Theoretical description of obtained diagrams of creep degree development with time was carried out using two 
methods: 
1) Method of V.M. Bondarenko and N.I. Karpenko, which main point is expressed in formula [4]: 
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where W  is concrete age (days); t  is the time of loading (days);  
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K  is the level of loading; ),,(0 WK tC  is the creep degree at time t  (MPa-1); ),,(0 WK fC  is the ultimate creep degree 
when fot  (MPa-1); ),,(0 WWKC  is the creep degree deficiency (MPa-1); t~  is the relative time of loading; D , m , 
s  are time and stress level depending empirical parameters.  
This method’s feature is taking into consideration the non-linearity of creep strain appearing under high stress 
levels.   
The values of ),,(0 WK fC  and ),,(0 WWKC  were taken from experimental data, empirical parameters D , m , s  
were found by considering the best fit of theoretical and experimental graphs. 
2) Method of I.E. Prokopovich and M.M. Zastava [5]: 
),()()28,(),( 0000 ttftCttC :f , (7) 
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where )28,(fC  is the ultimate creep degree of concrete, subjected to sustained load at the age of 28 days; )( 0t:  is 
the function of aging, considering loading age  influence on value of ultimate creep degree, 
)2exp(5.0)( 010 tdt J : , (8) 
),( 0ttf  is function, considering strain development with time, 
))(exp())(exp(1),( 01010 ttBttDttf  JD ; 
 
 (9) 
D  and d  are empirical parameters being found on the basis of experimental data; 1J  is the coefficient according to 
Table 5. 
Table 5. Value of 1J . 
Index 
Value of 1J  when exposed surface module of structure 0M , 1m  is equal 
10 or less 20 40 60 and more 
1J , days-1 0.004 0.006 0.008 0.01 
 
Empirical coefficients (tab. 6, 7) were found for both methods, what allows applying it to construct theoretical 
diagrams of creep degree development with time.  
V
F
M ¦ 0 , (10) 
where ¦F  is the total square of structure exposed surfaces (m2); V  is the structure volume (m3). 
Table 6. Coefficients used in equation (5). 
Age of concrete, 
days 
s  D  m  
bR3.0  bR6.0  bR3.0  bR6.0  bR3.0  bR6.0  
7 3.3 3.9 3.0 5.3 9.46 10.04 
14 3.2 3.8 5.8 7.1 9.2 10.1 
28 4.8 6.4 5.4 5.5 8.8 9.9 
90 6.1 7.4 7.3 7.3 6.7 8 
Table 7. Coefficients used in equations (7)-(9). 
Age of concrete, 
days D  DB  1  a  d  1J  
7 0.476 0.524 0.45 0.537 0.01 
14 0.335 0.665 0.525 0.582 0.01 
28 0.387 0.613 0.525 0.800 0.01 
90 0.290 0.710 0.595 2.350 0.01 
 
It is necessary to take under consideration the non-linearity of creep strain while using this method of construction 
of the diagram of creep degree development under high stress level. Non-linear creep degree is presented as product 
of linear creep degree and function of non-linearity [3]: 
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),(),(),,( WWKWK tCftС c , (11) 
where ),,( WK tС  is the current creep degree; ),( WKf  is the function of non-linearity; ),( WtCc  is the linear creep 
degree. 
Function of non-linearity might be presented in following expression: 
))(exp(1
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tkVf c ,  (11) 
Value of coefficients cV , a  and k  were found on the basis of best convergence of experimental and theoretical 
data (Table 8). 
Table 8. Value of coefficients used in equation (12). 
W , days. k  a  cV  
7 1 0.3 3.55 
14 1 0.3 2.41 
28 1 0.3 2.44 
90 1 0.3 2.55 
 
Results of theoretical description of experimental data of steel fiber reinforced concrete creep degree development 
with time are shown at Fig. 3 and Fig. 4. 
 
 
Fig. 3. Experimental and theoretical diagrams of creep degree development of steel fiber reinforced concrete members  
subjected to sustained load corresponding bR3.0 .  
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Fig. 4. Experimental and theoretical diagrams of creep degree development of steel fiber reinforced concrete members  
subjected to sustained load corresponding 0.6 bR .  
2. Conclusion 
Wide scaled research of physical, mechanical  and rheological properties of innovative construction material – high 
strength steel fiber reinforced concrete. Equations to describe development of strength, shrinkage strain and creep 
degree of steel fiber reinforced concrete with time were obtained. 
References 
[1] S. S. Kaprielov, I A. Chilin, Ultra-high-strength self-compacting fibrous concrete for monolithic structures. Construction materials, 2013, pp. 
28-30 (in Russian). 
[2] ACI 209R-92 Prediction of Creep, Shrinkage, and Temperature Effects in Concrete Structures. 
[3] N. I. Karpenko, General models of reinforced concrete mechanic. Moscow, Stroyizdat, 1996 (in Russian). 
[4] V. M. Bondarenko, N. I. Karpenko, Level of strained condition as fact of structural changes and rheological power strength of concrete. 
Academia. Architecrure and Construction, RAABS, 2007, No. 4, pp. 56-59 (in Russian). 
[5] I. E. Prokopovich, M. M. Zastava, About calculated determination of ultimate long-term strain of heavy concrete. Concrete and Reinforced 
Concrete, No. 5, 1972, pp. 35-37 (in Russian). 
0
0,5
1
1,5
2
2,5
3
3,5
0 50 100 150 200 250 300 350
C
re
ep
 d
eg
re
e
С
 х
10
-5
, M
Pa
--
1
Time, days
Loading at 7 days
Loading at 14 days
Loading at 28 days
Loading at 90 days
According to 1st method
According to 2nd method and eq. 10
